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Coarsening in foams made from the pure liquid crystal, 8CB, has been studied. The foam was 
made in the nematic phase (T = 35° C) by bubbling nitrogen through the pure liquid crystal. The 
coarsening behavior was investigated at three temperatures; at T = 22° C and 33° C in the smectic 
phase and at T = 34° C in the nematic phase. In smectic and nematic phases the mean bubble 
radius (R) has been measured as a function of time (R) ~ t x . In classical wet soap foams the 
growth exponent is typically A « 0.33 where coarsening is by gas diffusion from bubbles with high 
curvature to bubbles with low curvature. In liquid crystal foams a growth exponent, A = 0.20 ±0.05 
is observed. This may be explained by the presence of defects at the surface of the bubbles which 
slow down the coarsening behaviour. This growth exponent can be observed in both nematic and 
smectic phases. At higher temperatures typically > 35° C coalescence dominates the coarsening 
behaviour. In the isotropic state, > 41.5°C, the foam is rapidly unstable. 

PACS numbers: 61.30.-v, 61.30.Pq, 61.30.Pa, 68.03.Cd, 82.70.Rr 



The dynamic behaviour of classical foams which are 
usually made with an aqueous solution of surfactant 
have been well studied. Coarsening, drainage, structure 
and rheology are of fundamental interest in the study of 
foams jl], g g g g g] . In this article we are primarily in- 
terested in the coarsening behaviour where the temporal 
evolution of the mean bubble size is expressed as (R) ~ t x 
where t is the time and A is the growth exponent. When 
coarsening is dominated by gas diffusion between bub- 
bles the growth exponent depends on the liquid fraction 
of the foam§ g gg @. 

In dry foams, bubbles are polyhedral-like and sepa- 
rated by flat films and the growth exponent is A ~ i due 
to gas diffusion through the films [fi"l| |l2| ]. In contrast in 
wet foams bubbles appear to be spherical and coarsen- 
ing occurs by gas diffusion through the three dimensional 
continuum of the liquid phase. The growth exponent is 
slower and an exponent A w | is observed [jl3| Q. Coars- 
ening can also occur by film rupture leading to rapid co- 
alescence of the bubbles and a growth exponent of A w 1 
©• 

In this paper we present a study of the coarsening be- 
haviour of a foam made from a pure liquid crystal where 
neither solvent nor surfactant is present. Despite much 
previous work on soap foams there has never been any 
studies performed on foams which are made from a pure 
thermotropic liquid crystal. 

An important difference between a classical foam and a 
liquid crystal foam is the role of elastic distortions due to 
defects near the surface flrj, \n\ . Recent studies on films 
made from liquid crystals show that edge dislocations in 
a smectic film meniscus can influence its shape Jl|, [l9| . 
A coupling between defects and the surface energy of the 
film can influence the type of defect observed. This in- 
teraction exists due to the elastic distortion field exerted 
by the defect on the film surface. 

In this study the foam was made from pure 8CB (4- 
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FIG. 1: Experimental Setup: The foam is contained in glass 
cell which is immersed in a temperature controlled heat bath. 

n-octylcyanobiphcnyl) liquid crystal. Below T = 21.5°C 
the liquid crystal is in the solid phase. The smectic phase 
exists between T = 21.5°C and 33.4°C and the nematic 
phase exists between T = 33.4°C and 41.5°C. Above 
T = 41.5°C the liquid crystal is an isotropic phase. 

All foams were made in a glass cell with dimensions 
lcm x 1cm x 10cm. The cell was immersed in a temper- 
ature controlled heat bath (Fig. [I]). To make the foam 
the liquid crystal must first be heated into the nematic 
phase (T = 35°C). Then, nitrogen gas is passed through 
fritted glass at the base of the cell to form the foam until 
a sufficient amount is made (~ 6cm high). After mak- 
ing the foam the temperature is adjusted appropriately 
for the experiment. Then the evolution of bubble growth 
at the glass surface is followed with a time-lapse video 
recorder and a frame-grabbing PC (Fig. g. 

The evolution of the bubble growth was followed by 
observing the foam at the glass surface. Since the sur- 
face only represents a 2D slice of the foam small bub- 
bles are under-counted. The bubble distribution can be 
corrected in order to obtain the true 3D bubble size dis- 
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FIG. 2: Images of bubble growth in a smectic phase T 
33° C. Times are displayed in seconds. 



FIG. 3: Mean bubble size as a function of time in smectic 
phase T = 22° C. Each symbol represents a separate experi- 
ment and the line is a fit to all data points. 



tribution |20fl . The mean bubble size can be determined 
using (R) = N( J ^ li r^ 1 )" 1 where N is the total number of 
bubbles measured each with radius This method 

to calculate the mean size was used for all experiments 
in this study. 

The liquid volume fraction of the foam after fabrication 
can be roughly determined (±10%) by rapidly heating 
the foam and measuring the liquid recovered from a foam 
of known volume. The measured liquid fraction immedi- 
ately after fabrication is approximately (pi = 0.40. It is 
easily observed from images that the bubbles are initially 
round and there is ~ 50/zm of distance between bubbles. 
The liquid fraction was measured at the end of the exper- 
iments and was observed to reduce to about <pi ~ 0.34. 
Throughout the coarsening the film thickness, i.e. the 
distance between bubbles, is approximately constant. In 
the nematic phase the foam is drier and hence bubbles 
are closer to each other than in the smectic phase. 

The temporal evolution of the mean bubble radius was 
measured in smectic and nematic foams. In the smectic 
phase growth exponents were determined at T = 22° C 
and T = 33° C. In the nematic phase the growth expo- 
nent was measured at T = 34° C. In order to determine 
the growth exponent a log-log plot is generated. The 
mean radius varied over time such that (R(i)) ~ t x . An 
exponent was determined from each run and an average 
exponent, (A) was calculated. 

Figures || - 1] show the temporal evolution of the mean 
bubble size for different runs, represented by different 
symbols on the graph, for T = 22°C, 33°C and 34°C. 
Large variations between runs is attributed to the dif- 
ference in initial size distribution of the bubbles during 
preparation. 

In the smectic phase at low temperature (T = 22°C) 
the bubble growth was followed for 10 days. The best fits 
of the data for each run are plotted and the mean growth 
exponent averaged over all the runs are (A) w 0.20 ±0.05. 
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FIG. 4: Mean bubble size as a function of time in smectic 
phase T = 33° C. 
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FIG. 5: Mean bubble size as a function of time in nematic 
phase T = 34° C. 



In the smectic phase at high temperature (T = 33°C) 





FIG. 6: (A) Bubble trapped in the node. (B) Bubble shrinks 
and escapes upward through the films. 



the mean bubble size is measured over 1 day. Again, sev- 
eral runs are represented by different symbols and a best 
fit plotted for each run. These results give an average 
mean growth exponent, (A) « 0.18 ± 0.05. In the nematic 
phase (T = 34° C) the growth exponent is measured to be 
(A) = 0.21 ± 0.05. At all three temperatures we observe 
a growth exponent close to one fifth. 

At temperatures between 36°C J: T £ 41.5°C the foam 
is very unstable and the main process responsible for 
the bubble growth is by rapid coalescence. If the foam 
is heated above 41.5°C it instantly collapses. This be- 
haviour can be exploited when we require to destroy all 
of the foam before we make a new foam for the next 
experiment. 

The dynamics of small bubbles has also been followed 
in smectic and nematic foams. In a smectic foam the 
small bubbles shrink and eventually disintegrate while 
remaining confined in the foam. However in the nematic 
phase small bubbles shrink and escape upon reaching a 
size of about 20 — 40/xm (figure ||) . They then rise to the 
top of the foam through the Plateau borders. 

By removing the foam from the cell and placing it be- 
tween a glass slide and a coverslip we were able to observe 
a 2D foam. The cell thickness was approximately 50/im 
which allowed visualization of the bubble surface. In this 
geometry, defects at the surface of the bubbles were ob- 
served in a microscope with partially crossed polars. The 
time-evolutution of a small bubble shrinking in a 2D foam 
is shown in figure ^. 

Above we have shown that liquid crystal foams can 
be prepared, and that they do not have the typical i 1 / 3 
growth behavior observed in classical wet foams. For 
liquid crystal foams, growth exponents A ~ 0.20 have 
been measured. 

In the classical theoretical treatment, coarsening in 
foams follows from Lifshitz, Slezov and Wagner theory 
0, [jJJ. Diffusion of gas is driven from small bub- 
bles with higher excess chemical potential (A/x(r) = 
Hoc — M r )) to larger bubbles. The higher chemical po- 
tential is due to high curvature of smaller bubbles which 
leads to a higher concentration c(r) of gas being dissolved 
at the bubble surface 
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where A/i(r) = 2V„, 




FIG. 7: Small bubble trapped between three large bubbles 
shrinks over time. Scale bar is 50/im and time shown in sec- 
onds. 



volume, R is the gas constant, T is the temperature and 
a is the surface tension. Combining these two equation 
and linearizing we obtain 
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r RT 



Using Ficks law with linear approximation for the con- 
centration gradient near to the bubble surface we obtain 
an expression for the gas flux j = D(c — c(r))/r which can 
be expressed in terms of the bubble size and the mean 
radius, r c where c = c(r c ), 



dr 
dt 



r 
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where C 



9pRT 



and D is the diffusion coefficient of the gas in the solvent, 
p is the density. From this the temporal evolution of the 
mean bubble radius in the foam can be determined 



dt 



= Co 



where Cqq is the bulk solubility of the gas, V m is the molar 



For the case of classical soap foam the surface tension is 
independent of the bubble size. If the energy per unit 
area on a bubble surface were to depend on R such that 
a = A/R 2 , where A is a constant, then a t 1 / 5 growth 
law could be predicted. A possible source of an R depen- 
dent surface tension may come from the surface/defect 
interactions. For a liquid crystal foam the surface ten- 
sion can be modified by the influence of defects near to 
the surface. 

As bubbles shrink the elastic interaction of the defects 
with the surface would intensify due to an increase in de- 
fect density (number of defects per unit area) and hence 
leads to an increase in surface tension. This would be 
reasonable if the number of defects at the surface of the 
bubble remained constant. The defects at the bubble 
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surface could either be giant edge dislocations or focal- 
conic defects. A change in the defect type is unlikely 
to lead to any significant change in the distortion field 
which affects the surface energy of the bubble. From 
these surface/defect interactions an R dependent surface 
tension can be assumed which may explain the observed 
ji/S growth law. This is the first time such a scaling 
law has been observed in the coarsening of foams. Fur- 
thermore this growth is significantly slower than other 
calculated growth exponents. 

Although the coarsening may be explained from liq- 
uid crystal properties there are open questions regarding 
the stability and foamability. The stability of a foam will 
generally depend on its ability to avoid rapid coalescence, 
normally at temperatures close to the foaming tempera- 
ture T = 36° C. When above this temperature bubbles 
rapidly coalesce and the foam collapses. One possible 
explanation could be that the viscosity reduces signifi- 
cantly to allow rapid drainage to dry the foam and hence 
coalescence is more possible. Another possible explana- 
tion is that the number of smectic layers at the bubble 
surface may also play a role in the foam stability. As 
the temperature is increased the thickness of the smec- 
tic skin reduces |L9| . If the width of the smectic skin is 
sufficiently reduced then the gravitational effects could 
become significant in inducing coalescence of the bub- 
bles. 

In the field of liquid crystals, free standing films and 
single film bubbles |l6| made from pure liquid crystal 
have been studied. The ability to make a pure liquid 
crystal foam opens many doors for studying other foam 
properties such as drainage, structure and rheology in 
this novel system. 
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This can also apply to the distribution at the glass surface 
in the absence of counterbalancing local segregation. 



